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Superconducting fluctuations (SF) in SmFeAsO0.8F0.2 (characterized by superconducting transi-
tion temperature Tc ≃ 52.3 K) are investigated by means of isothermal high-resolution dc magnetiza-
tion measurements. The diamagnetic response above Tc to magnetic fields up to 1 T is similar to that
previously reported for underdoped cuprate superconductors and justified in terms of metastable
superconducting islands of non-zero order parameter lacking long-range coherence because of strong
phase fluctuations. In the high-field regime (H & 1.5 T) scaling arguments predicted on the basis of
the Ginzburg-Landau theory for conventional SF are confirmed, at variance with what is observed
in the low-field regime. This fact shows that two different phenomena are simultaneously present
in the fluctuating diamagnetism, namely the phase SF of novel character and the conventional SF.
High magnetic fields (1.5 T . H ≪ Hc2) are found to suppress the former while leaving unaltered
the latter.
PACS numbers: 74.40.-n, 74.20.De, 74.70.Xa
I. INTRODUCTION
High-temperature superconductivity in Fe-based oxy-
pnictides has aroused strong interest among condensed
matter physicists after its discovery in 2008.1 In spite
of the huge amount of both theoretical and experimen-
tal activities2,3 several questions are still open, particu-
larly regarding the pairing mechanism. The symmetry
of the order parameter has been investigated by means
of Josephson tunneling and ARPES experiments. Re-
sults show that in Fe-based superconductors (both in
doped REFeAsO, where RE stands for rare-earth ion, and
doped (Ba,Sr)Fe2As2 compounds, belonging to the so-
called 1111 and 122 families respectively) s-wave singlet
superconductivity is at work.4,5 A multi-band scenario
has been proposed, where the appearance of two differ-
ent superconducting gaps seems to characterize Fe-based
pnictide materials. BCS theory anyway cannot account
for either the high values of Tc or the temperature depen-
dence of the superconducting gaps, similarly to the case
of MgB2.
6 Eliashberg theory for strong-coupling result-
ing in an interband s±-wave model7,8 is needed in order
to account for the experimental results from Josephson
tunneling on NdFeAsO0.88F0.12
4 and from point-contact
Andreev-reflection spectroscopy on SmFeAsO1−xFx.
9
Besides these similarities with s-wave superconductors
and with MgB2, many experimental evidences empha-
size affinities of Fe-based oxy-pnictides with the cuprate
high-temperature superconductors (HTSC). By means of
magnetoresistivity10 and ac susceptibility11 it has been
pointed out that the features of vortex dynamics in
SmFeAsO1−xFx can be mapped onto models success-
fully applied to cuprate materials,12 as, for instance,
the thermally-activated flux flow of vortex lines. More-
over, scaling arguments from vortex-glass theory devel-
oped for I−V characteristics of cuprates13,14 were found
to describe experimental data also in SmFeAsO0.85.
10
The existence of a pseudo-gap precursor state also in
SmFeAsO1−xFx, finally, has been suggested by different
experimental evidences.15–19
Small coherence lengths, reduced carriers density, high
transition temperatures and marked anisotropy are all
factors causing a strong enhancement of superconduct-
ing fluctuations (SF).20–22 The generation of fluctuat-
ing Cooper pairs above Tc results in the appearance of
a Langevin-type diamagnetic contribution to the mag-
netization −Mdia(T,H) existing side by side with the
paramagnetic contribution from fermionic carriers. Since
the size ξ(T ) of the fluctuating pairs grows when T
approaches the transition temperature Tc from above,
|Mdia(T,H)| should diverge near the transition for any
small fixed magnetic field, being zero for H = 0 Oe.
On the other hand, it is evident that very strong mag-
netic fields, comparable to Hc2(0), must suppress SF.
Thus, the isothermal magnetization curve −Mdia(T ,H)
(T is a fixed temperature) has to exhibit an upturn. The
value of the upturn field Hup in the magnetization curves
can approximately be considered inversely proportional
to the coherence length.20–22 Thus, in optimally doped
cuprates, Hup is expected at very strong magnetic fields.
At variance, in underdoped superconducting cuprates,
the magnetization curves above Tc evidence an upturn
for H ≪ Hc2(0).23,24
As shown in the following, similar effects have
been found in Fe-based oxy-pnictides belonging to
the REFeAsO1−xFx family, evidencing a further anal-
2ogy with cuprate superconductors. SF in Fe-
based oxy-pnictides have already been theoretically
discussed.25 Calorimetric measurements performed on
SmFeAsO0.85F0.15 single-crystals have been recently in-
terpreted in terms of Ginzburg-Landau SF.26 Further-
more, a magnetic investigation of Ba1−xKxFe2As2 single-
crystals has been carried out in the high-field regime27
and classical Ginzburg-Landau scaling has been ob-
served. Until now, to our knowledge, no claim of non-
classical SF in Fe-based oxy-pnictide superconductors has
been reported yet.
This paper deals with high-resolution magnetization
measurements above Tc in SmFeAsO0.8F0.2. The ob-
served phenomenology at low magnetic fields H . 1
T can be well-described in terms of the superconduct-
ing phase fluctuation model, confirming a analogy of
SmFeAsO0.8F0.2 with underdoped cuprate superconduc-
tors. In this picture, extra-diamagnetism arises above
Tc due to the appearance of mesoscopic superconduct-
ing “islands” with nonzero order parameter at frozen
amplitude lacking of coherence due to marked phase
fluctuations.28,29 In the high-field range 1.5 T . H ≪
Hc2 the suppression of superconducting phase fluctua-
tions is found to leave unaltered the classical Ginzburg-
Landau fluctuations, making scaling arguments applica-
ble.
II. EXPERIMENTAL
Powders of SmFeAsO0.8F0.2 were prepared by solid
state reaction at ambient pressure from Sm, As, Fe,
Fe2O3 and FeF2.
30 SmAs was first synthesized from pure
elements in an evacuated, sealed glass tube at a maxi-
mum temperature of 550◦C. The final sample was syn-
thesized by mixing SmAs, Fe, Fe2O3 and FeF2 powders
in stoichiometric proportions, using uniaxial pressing to
obtain pellets and then thermal treating in an evacuated,
sealed quartz tube at 1000◦C for 24 hours, followed by
furnace cooling. The sample was analyzed by powder
X-ray diffraction in a Guinier camera, with Si as inter-
nal standard. The powder pattern showed the sample
to be nearly single phase with two weak extra lines at
low angle attributable to SmOF. The lattice parameters
a = 3.930(1) A˚ and c = 8.468(2) A˚ have been derived, in
agreement with data reported elsewhere.31 The magnetic
characterization of the sample was reported in a previous
paper, together with a 19F-NMR investigation allowing
one to infer that the pairing mechanism is uncorrelated
with fluctuating Sm3+ magnetic moments.32
The magnetization M measurements were carried out
by means of Quantum Design MPMS-XL7 SQUID mag-
netometer. The experimental data were collected both in
zero-field-cooled (ZFC) and field-cooled (FC) conditions.
In ZFC measurements, the magnetic field is applied at
a given temperature after cooling the sample across the
superconducting critical temperature Tc in zero applied
field. In FC measurements the magnetic field is applied
at temperatures T ≫ Tc.
III. SUPERCONDUCTING FLUCTUATIONS
VS. PRECURSOR DIAMAGNETISM
The response of superconducting materials to the ap-
plication of magnetic fields at T & Tc shows a dia-
magnetic contribution to the magnetization (Mdia) su-
perimposed on the Pauli-like paramagnetic term due to
fermionic carriers.21,22 This effect may be due to different
phenomenologies and could arise from different origins,
as explained in detail below.
A. Ginzburg-Landau superconducting fluctuations
In most cases, as in conventional metallic supercon-
ductors, cuprate materials and MgB2, the appearance
of a diamagnetic term at T & Tc can be associated
with fluctuations of the order parameter ψ = |ψ| eıθ
(superconducting fluctuations, SF).23,33–37 In particular,
in the classical Ginzburg-Landau framework of second-
order phase transitions, one has to take into account
fluctuations of the amplitude of ψ around its equilibrium
value |ψ| = 0, leading the quantity
√
〈|ψ2|〉 to assume
non-zero values for T & Tc.
21,22
The Ginzburg-Landau picture must be corrected to
take into account the field effects on the Cooper pairs
and the anisotropic free-energy functional. In three-
dimensional (3D) superconductors for T ≃ Tc one has
Mdia ∝
√
H (Prange regime)21,22 and by increasing
the field saturation of |Mdia| is expected. Furthermore,
isothermal Mdia/
√
H vs. H curves are expected to cross
at Tc(H = 0).
33,38
In optimally-doped cuprate superconductors, the fluc-
tuating diamagnetic contribution is expected to be sup-
pressed by the application of magnetic fields H ∼ Hc2.
This corresponds to the appearance of an upturn field
Hup defined as the value of magnetic field at which |Mdia|
starts to decrease on increasing H , as already mentioned.
For optimally-doped cuprate HTSC, the upturn field
could occur at very high values, typically of the order of
tens of Teslas. In fact, Hup can be crudely justified by as-
suming a first order correction in which the fluctuations-
induced evanescent superconducting droplets are spher-
ical, with a diameter d of the order of the coherence
length ξ(T ). If d ≪ ξ(T ), the zero-dimensional approx-
imation can be used39 where the order parameter is no
longer dependent on spatial degrees of freedom. In this
approach, the value of the upturn field Hup becomes in-
versely proportional to the square of the coherence length
ξ(T → 0): Hup = ǫΦ0/ξ2(0), where ǫ = (T − Tc) /Tc and
Φ0 = hc/2e = 2.0679 · 10−7 G cm2 corresponds to the
flux quantum. In conventional BCS superconductors or
in MgB2, Hup is rather small (typically around 50 to 100
Oe) while in HTSC the upturn in Mdia vs. H could be
detected only at very high fields and in optimally doped
3YBa2Cu3O6+δ (YBCO) no upturn in Mdia has been ob-
served up to 7 Teslas.24,38,40,41
B. Phase fluctuations and precursor diamagnetism
At variance with the findings recalled above, un-
derdoped cuprate materials display much richer phe-
nomenologies than the optimally doped ones.24,40–43 In
particular, upturn fields Hup ≃ 10− 1000 Oe have been
evidenced. This phenomenon can be justified by taking
into account the fluctuations of the phase of the super-
conducting order parameter in mesoscopic “islands”, the
long-range superconductivity being prevented by the lack
of coherence due to marked phase fluctuations.28,29,44
The existence of these islands is supported by scanning
microscopy, at least in La2−xSrxCuO4 (LSCO) and in
Bi-based cuprates,45–47 and by the detection of a large
Nernst signal above Tc.
48 The fluctuations of the order
parameter phase imply the presence of thermally induced
vortices which add to those generated by the magnetic
field.
The starting point to derive the magnetic susceptibil-
ity is the Lawrence-Doniach-like functional for a layered
system:21
FLD [θ] = 1
s
∑
l
∫
d2r
{
J‖
(
∇‖θ −
ı2e
~c
A‖
)2
+ J⊥ [1− cos (θl+1 − θl)]
}
(1)
where |ψ|2 is frozen at a constant value and only the dependence on the phase θ is considered. In Eq. 1 the index
l labels the different superconducting layers (separated by a distance s), J‖ and J⊥ are the order parameter phase
coupling constants within the layers and between different layers (respectively) and the potential vector A‖ describes
both the magnetic field applied parallel to the c axis and the one induced by thermal fluctuations. The second
derivative of the free energy resulting from Eq. 1 yields the field dependent susceptibility χ(H):
χ(H) = −kBT
Φ20
1
s (1 + 2n)


[
1 +
(
H
H∗
)2
δ
]2
nvor
+ s2γ2 (1 + n)n
[
1 +
(
H
H∗
)2
δ
]2
+
47πL2
540
J‖
s
(
2π
Φ0
)2(
H
H∗
)2
δ (2)
where δ = J‖/kBT , H
∗ ≡ Φ0/L2 is a characteristic field
related to the size L of the islands, while γ ≡ ξab(0)/ξc(0)
is the anisotropy factor. In Eq. 2, nvor = nH + nth is
the total vortex density due to the field induced vortices
nH = H/Φ0 and the thermally excited vortices, whose
density nth is affected by the applied field also depending
on the number n of correlated layers:
nth = n0 exp

− E0 (1 + 2n)kBT [1 + ( HH∗ )2 δ]

 . (3)
When faced with values of upturn fields Hup in the or-
der of 100 to 1000 Oe one has to be careful in the data in-
terpretation, since other mechanisms could possibly lead
to the observed phenomenology. In disordered systems
such as in Al-doped MgB2 or YNi2B2C, for instance, the
average bulk Tc arises from a spatial distribution of lo-
cal transition temperatures Tc(r) inside the sample.
37,49
The main effect of inhomogeneity is to induce a precursor
diamagnetism above Tc associated with the diamagnetic
response of those regions where Tc(r) > Tc holds locally.
Also in this case, high magnetic fields tend to reduce
the extra-diamagnetic response above Tc giving rise to
an upturn field in the isothermal magnetization curves
resulting from a distribution of critical fields Hc1(r) as-
sociated to the spatial regions where Tc(r) > Tc. In this
case, Hup mimics the behaviour of Hc1(T ).
A straightforward way of distinguishing extra-
diamagnetism due to phase fluctuations from precursor
diamagnetism due to sample inhomogeneity lies in the
different temperature dependence of the upturn field in
the two regimes.50 Hup, in fact, increases on increasing
temperature in the phase SF scenario while it decreases
in disorder-induced diamagnetism.
IV. EXPERIMENTAL RESULTS
A detailed analysis of the different contributions to
the macroscopic magnetizationM of the sample together
with the procedure to extract Mdia from the isothermal
magnetization curves will be outlined in the following.
M vs. T curves at small magnetic field (H = 5 Oe)
obtained both in ZFC and FC conditions are reported in
Fig. 1. A slight separation between FC and ZFC data al-
ready at T ≫ Tc implies the presence of a small amount
of spurious magnetic phases. The transition tempera-
ture Tc(H → 0) = (52.3± 0.1) K can be estimated by
first subtracting in a few-K region around the diamag-
netic onset a contribution associated with that spurious
4magnetic signal (see details subsequently). Then, Tc is
evaluated as the intersection of two linear fits of the re-
sulting data (well below and well above Tc, as shown in
Fig. 1, inset).
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FIG. 1: (Color online) M vs. T magnetization curves in both
ZFC and FC conditions at H = 5 Oe. Inset: blow up of
the onset region in the FC curve after subtracting a linear
contribution accounting for other sources of magnetism in this
narrow T -range (see text). The superconducting transition
temperature can be estimated as Tc ≃ 52.3 K.
In Fig. 2 representative raw M vs. T curves at high
magnetic fields are shown. The data are well fitted by
the phenomenological function
Mdc(T ) = Msc
[
1−
(
T
Tc
)α]β
+
+Ccw
H
T − TN +M0. (4)
The first term is the diamagnetic Meissner response
(which we have empirically fitted by a two-exponents
mean field function). The second term in Eq. 4 is the
Curie-Weiss paramagnetic contribution associated with
the Sm3+ sublattice, with TN = 4 K as fixed parame-
ter. The best fit of the Curie-Weiss constant Ccw leads
to a magnetic moment µ = (0.32± 0.01) µB per Sm3+
ion. This is in close agreement with the value µ ≃ 0.53
µB reported from a neutron-diffraction experiment in
the antiferromagnetically-ordered phase.51 The tetrago-
nal crystalline electrostatic environment is known to be
described in the Stevens’ operators formalism as
HˆCEF = B02Oˆ02 +B04Oˆ04 +B44Oˆ44 (5)
leading in the case of both Sm3+ and Ce3+ to a split-
ting of the ground state J = 5
2
multiplet into three
doublets.52,53 However, crystal-field effects on the magne-
tization can be safely disregarded in the examined tem-
perature range (T < 60 K), thus justifying the use of
a simple Curie-Weiss fitting function for the paramag-
netic contribution.52–55 Finally, the last T -independent
term in Eq. 4 arises from different contributions in-
cluding a Pauli-like susceptibility associated with itin-
erant electrons, ionic diamagnetism and a small amount
of ferromagnetic impurities. The impurity contribution
Mimp ≃ 0.23 emu/cm3 (saturated value forH & 1 T) was
quantified from a isothermal M vs. H curve at T = 56
K and, more precisely, from the intercept value of the
linear fit of the paramagnetic contribution at H = 0 Oe.
The parameters obtained from the fitting procedure at
different magnetic fields in the range 1.5 T ≤ H ≤ 7 T
have been reported in Tab. I.
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FIG. 2: M vs. T magnetization curves in FC conditions at
different magnetic fields. The data are fitted according to a
phenomenological expression (Eq. 4, see dashed lines). Low-
temperature anomalies (T ≃ 4 K) are related to the antifer-
romagnetic ordering of Sm3+ magnetic moments.51
In order to obtain reliable estimates of the SF diamag-
netic contributionMdia, one has to allow for all the addi-
tional contributions discussed above. At this aim, we em-
ployed the subtraction procedure successfully used in the
analysis of cuprate materials and of MgB2. Isothermal
M vs. H curves (H < 5 T) were measured at selected
temperatures around the superconducting onset (50 K
< T < 56 K) and the high-field linear paramagnetic con-
tribution was individually subtracted from those curves
to account for its T -dependence. The so-called reference
isothermal curve (relative, in this case, to T = 56 K)
was then subtracted to each obtained curve. By doing
this, one subtracts all the other sources of T -independent
magnetism, by considering the fact that the spurious con-
tribution is practically constant in this narrow T range.
The reference T = 56 K was chosen by carefully exam-
ining the onset region in Fig. 1. In particular, a value
close enough to the investigated region was selected to
neglect the possible T -dependence of spurious contribu-
tions, meantime safely far from the fluctuative region it-
self.
In Fig. 3 representative isothermal magnetization
curves Mdia vs. H obtained in ZFC conditions at dif-
ferent temperatures above Tc(H = 0) are shown in the
5TABLE I: Parameters associated with the fitting procedure
of M vs. T curves (see Fig. 2 for representative raw data)
at different H values (see first column, units: T) by means of
the phenomenological expression reported in Eq. 4. Msc/H
quantifies the amplitude of the diamagnetic response from the
superconducting phase (units: erg/Oe2 cm3), Tc is the super-
conducting critical temperature (units: K), α and β are the
two exponents of the mean-field-like phenomenological contri-
bution representing the superconducting shielding, Ccw is the
Curie-Weiss constant associated with the paramagnetic phase
of the Sm3+ sublattice (units: erg K/Oe2 cm3) and M0/H
represents all the other sources of T -independent magnetism
(units: erg/Oe2 cm3).
H 105Msc/H Tc α β 10
5Ccw 10
5M0/H
1.5 −7.95 51.28 3.54 1.19 25.26 8.34
2 −5.42 51.145 3.68 1.22 24.66 8.13
2.5 −3.98 51.05 3.82 1.25 24.39 8.10
3 −3.11 50.96 3.97 1.29 24.09 8.02
3.5 −2.49 50.89 4.09 1.33 23.93 8.02
4 −2.07 50.815 4.24 1.37 23.68 7.97
5 −1.51 50.675 4.47 1.44 23.33 7.88
6 −1.16 50.545 4.69 1.51 23.01 7.75
7 −0.93 50.43 4.94 1.59 22.76 7.62
low-field range (up to H ≃ 1000 Oe). From the anal-
ysis of the data interesting insights are obtained. One
notices the appearance of upturn fields in the order of
200 to 400 Oe. More interestingly, it is noted (see Fig.
3, inset) that, in the temperature limit T > Tc, Hup
increases on increasing temperature. As emphasized in
Sect. III, both the small values of Hup and the increase
of Hup on increasing temperature suggest that the ob-
served diamagnetism above Tc can be ascribed to the
presence of phase SF. The effects of the Tc(r) distribu-
tion, due to some sample inhomogeneity, can safely be
neglected. This does not imply that the sample is totally
homogeneous but rather that the phase fluctuations play
a dominant role in the diamagnetism above Tc at the
examined fields.
In SmFeAsO0.8F0.2 the value of the coherence length is
still controversial. By examining paraconductivity data,
analyzed with a four-band three-dimensional model, one
derives ξ0 = 19 A˚,
56 while using a two-dimensional lowest
Landau level scaling and Hc2 measurements in single-
crystal samples the same quantity ranges from 3 to 4
A˚.57,58 Thus, the estimated values for ξ0 are anyway
small, in analogy with those found in cuprate materi-
als. Then, in the framework of classical GL fluctuations
for ǫ ∼ 10−2, Hup would be expected to vary between 5 T
and 25 T. It is evident that the occurrence of an upturn
field of the order of few hundred Gauss in the magnetiza-
tion curves of Fig. 3 cannot be ascribed to the saturation
of magnetization expected in GL fluctuations regime.
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FIG. 3: (Color online) Isothermal diamagnetic contributions
Mdia vs. H for representative temperatures above Tc, dis-
playing upturn fields in the range Hup ∼ 200 to 400 Oe. The
curves have been obtained after the subtraction procedure de-
scribed in the text. Continuous lines are best-fits obtained by
means of numerical integration of Eq. 2. Inset: temperature
dependence of the upturn field, clearly increasing on increas-
ing T above Tc. The dashed line is a guide for the eye.
V. DISCUSSION AND CONCLUSIONS
By means of numerical integration of Eq. 2, the mag-
netization curves as a function of field are obtained (solid
lines in Fig. 3). The parameters corresponding to the
best fit are collected in Tab. II. The interlayer distance
has been set s = 8.5 A˚.
TABLE II: Values of H∗ and of the size of the supercon-
ducting islands L resulting from the best-fit procedures. The
parameter N should be considered an order-of-magnitude es-
timate of the number of islands having assumed supercon-
ducting regions of volume given by L2d with the value of the
depth d fixed to 25.5 A˚ (corresponding to n = 3, see text).
T (K) H∗ (Oe) L (nm) N (cm−3)
52.25 883 154 2.4 · 1014
52.5 888 153 1.5 · 1014
52.62 1001 145 1.45 · 1014
52.75 1101 138 1.25 · 1014
53 1360 124 1 · 1014
53.25 1440 121 5.2 · 1013
53.5 1581 115 4.9 · 1013
According to the relation n0 ≃ 104/a2, in Eq. 3 one
has n0 = 6.5 · 1018 cm−2, for a = 3.9 A˚.31 The activation
energy E0 in Eq. 3 is usually estimated around 10 kBTc
then the term E0 (1 + 2n), chosen as a free parameter, al-
lows an evaluation of n. In particular, E0 (1 + 2n) = 28
kBTc indicating the number of correlated layers n = 3,
6with an activation energy E0 ≃ 4 kBTc. Similar inves-
tigations in YBCO24 and in Sm-based cuprates43 have
been performed using n = 3, in agreement with the fact
that all these systems have similar anisotropy parame-
ters. For this reason in this analysis γ = 7 will be consid-
ered as a working hypothesis. Furthermore, E0 (1 + 2n)
turns out almost temperature independent, suggesting
that the number of correlated layers does not apprecia-
bly change in the temperature range that has been stud-
ied. In the numerical integration procedure also H∗ and
J‖/kBT are given as free parameters. From the char-
acteristic field H∗ it is possible to estimate an order of
magnitude of the average size L of the superconducting
regions (see Tab. II).
As might be expected, on increasing temperature the
areas with non-zero order parameter progressively reduce
in size. The progressive decrease of the volume occupied
by the superconducting regions are due both to the de-
crease in the average size of the islands and/or to the
decrease of their number.
The term J‖/kBT results nearly independent on tem-
perature, around the value 2.5. In other situations, as in
Sm based cuprates,43 this ratio decreases with increasing
temperature, according to its close relation to the super-
fluid density, as suggested by the Berezinskii-Kosterlitz-
Thouless theory.21 In the present case the fluctuation ef-
fect can be detected in a temperature range too small to
appreciate the reduction.
A further confirmation of the inapplicability of the con-
ventional GL model, at least in the field range of Fig. 3,
can be drawn from analysis of the reduced magnetization
mc = Mdia/
√
HTc vs. T , shown in Figs. 4 and 5. The
data have been obtained by considering M vs. T curves
at different magnetic fields in the range 0 < H < 7 T (like
those shown in Fig. 2) and by individually subtracting a
linear contribution in a few-K region around the onset to
each curve accounting for all sources of magnetism other
than Meissner shielding and SF effects (as described in
Sect. IV).
According to the GL theory for gaussian fluctuations
and scaling arguments for isotropic superconductors, mc
should take the universal value21,38,59,60
mc =
kB
Φ
3/2
0
m3(∞) ≃ 4.6 · 10−7emu/cm3Oe1/2K (6)
at T ≃ Tc where the experimental data should cross. If
the system is anisotropic, the value of mc is expected
to be enhanced by a factor γ. In Fig. 4 no crossing
in mc vs. T data is observed at fields up to 1.5 T, in
contrast with the scaling prediction. Conversely, Fig. 5
shows that at higher fields, up to 7 T, the reduced mag-
netization curves as a function of temperature cross at
T = 53.2 K assuming the value mc ≃ 2.7 ·10−7 emu/cm3
Oe1/2 K. Since the data refer to powders, the value of
mc must be multiplied by a factor 3, which takes into
account the powder average, as shown elsewhere in the
case of MgB2.
23,35 An anisotropy parameter γ ∼ 2 would
then be inferred. This value is smaller than the ones re-
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FIG. 4: (Color online) Reduced magnetization mc =
Mdia/
√
HTc vs. T at magnetic fields H ≤ 1.5 T. No crossing
of curves at Tc is observed.
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FIG. 5: (Color online) Reduced magnetization mc =
Mdia/
√
HTc vs. T at magnetic fields H ≥ 2 T. Crossing
of curves at T ≃ 53.2 K suggests that the classical GL frame-
work is applicable at high fields, where the contribution from
phase fluctuations is suppressed.
ported in literature (γ = 5 to 9) which however show
large uncertainty and appear to be related to the dop-
ing level.57,58 Furthermore, the crossing temperature is
slightly above the critical temperature estimated from
the inset of Fig. 1. These aspects are possibly due to the
renormalization of the transition temperature due to the
phase fluctuations.61 The effects related to the simulta-
neous occurrence of non-conventional phase fluctuations
and GL classical fluctuations are worthy of further exper-
imental and theoretical studies. In conclusion, it appears
that the fluctuation diamagnetism above Tc can be de-
scribed by GL theory only at high fields, while at a lower
field range the phenomena highlighted in Fig. 3 require
7a different explanation based on the occurrence of phase-
fluctuations.
Summarizing, the diamagnetic response above Tc at
low magnetic field in SmFeAsO0.8F0.2 cannot be de-
scribed within the classical Ginzburg-Landau approach.
From this point of view, the system is not comparable
either to BCS superconductors or to optimally-doped
cuprates. On the contrary, the experimental results sup-
port the picture based on the idea of precursor islands
where the amplitude of the order parameter is frozen,
while the long-range coherence associated with a bulk su-
perconducting state is prevented by marked fluctuations
in the phase.
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